Experimental details
Crystallization of Spiro(TFSI) 2
Excess Spiro(TFSI) 2 was dissolved in DCM under stirring in a closed vial at room temperature, yielding a dark red solution. The solution was filtrated through a Millipore membrane (0.2 μm) filter using a syringe. The filtrated solution was stored in a small vial (5 mL), and was later transferred inside a big vial (20 mL) containing ethyl ether (8 mL) , the solutions were thus not mixed. The outer vial was closed tightly, and the system was then transferred into a dark environment. The slow evaporation of the antisolvent (ethyl ether) into the small vial containing the DCM solution of Spiro(TFSI) 2 triggered the crystallization and growth of single crystals suitable for X-ray diffraction analysis.
Hole mobility measurements
The hole mobility of the materials in this study was determined according to literature methods. 2, 3 Briefly, a hole-conducting-only device with the structure of FTO/PEDOT:PSS/HTM/Au was fabricated. The fluorine-doped tin-oxide (FTO) coated glass substrates (Pilkington TEC15) were etched with Zn powder and a 2 M HCl solution. The substrates were then sequentially washed with soap, acetone and alcohol by sonication for 30 minutes. The remaining organic residues were removed with using a plasma cleaner (Harrick Plasma) for 30 min. A roughly 40 nm PEDOT:PSS layer was then spin-coated at 3000 rpm onto the substrate, followed by annealing at 120 o C for 20 min. A solution of 20 mM of Spiro(TFSI) 2 was then spin-coated on top of the annealed PEDOT:PSS layer, followed by evaporation of an 80 nm gold (Metalor; ≥99.99% trace metals basis) counter electrode. J-V characteristics of the devices were recorded with a Keithley 2400 Source-Meter unit, interfaced with a computer.
Conductivity measurements
The conductivity of the HTMs formed was investigated according to existing reports. 4, 5 Glass substrates without conductive layer were sequentially washed with soap, acetone, and alcohol by sonication for 30 minutes. A mesoporous TiO 2 layer was deposited by spin-coating at 3000 rpm for 30 s using a solution of 30 nm TiO 2 paste (Dyesol DSL 30NR-T) in absolute ethanol (w/w=1/3). After spin-coating, the substrate was immediately placed on a hotplate at 80 o C for 15 min, and then transferred to an oven and sintered at 500 o C for 30 min. 20 mM of Spiro(TFSI) 2 was subsequently spin-coated onto the mesoporous TiO 2 layer, followed by evaporation of 80 nm gold as counter electrode. J-V characteristics were recorded in the dark with a Keithley 2400 Source-Meter unit, interfaced with a computer.
The molecular structures of Spiro-OMeTAD and Spiro(TFSI) 2 were either obtained from corresponding single crystal data or optimized in vacuum without any symmetry constrains, using density-functional theory (DFT) based on the hybrid cam-B3LYP functional and 6-31G** basis sets for all atoms. All reported molecular calculations were carried out by means of Gaussian 16. 6 Band structure calculations were performed using the Crystal17 program. 7 The cam-B3LYP functional was used together with basis sets for all atoms of 2-31G quality as provided by the program package. The calculations were based on the crystal structures. The crystal structure of Spiro-OMeTAD is straightforward to use as input for the band structure calculations. 8 However the crystal structure of Spiro(TFSI) 2 is complicated by a severe disorder of the TFSIanion. Unfortunately, the disorder is linked to more than one symmetry element in the unit cell of the Fddd (70) space group, and thus the only solution to offer a unit cell suitable for calculation was to reduce symmetry to P1 (1) and thus remove the effects of anion disorder. The resulting model embraces 1528 atoms and 5592 atom orbitals, which represents a tremendeous calculational challenge solved by using OpenMPI over 32 processor cores. 9
Characterization methods
Elemental analysis was performed by Analytische Laboratorien in Germany. Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker AVANCE 400 MHz spectrometer. The powder X-ray diffraction data were recorded on a PANalytical-X'Pert PRO diffractometer using Cu-Kα radiation. The scanning electron microscopy (SEM) images were recorded on a FEI-XL 30 series microscope. Electron paramagnetic resonance (EPR) spectra were recorded under ambient condition on a Bruker EMX-micro spectrometer equipped with an EMX-Primium bridge and an ER4119HS resonator. Spiro(TFSI) 2 solutions were prepared in degassed acetonitrile with a concentration of 0.3 mM and loaded to capillary sample tubes (50 µl with one end open). The sample capillary was sealed using an EPR sealant after sample loading and was inserted into an EPR probe (i.d. 3 mm) for further examination. Cyclic voltammetry (CV) was performed in DCM solution with 0.1 M Tetrabutylammonium hexafluorophosphate ([TBA]PF 6 ) as supporting electrolyte, an Ag/AgNO 3 electrode as reference, a glassy carbon electrode as working electrode, a Pt rod as counter electrode and ferrocene/ferrocenium (Fc/Fc + ) as an internal reference using a CH Instruments electrochemical workstation (model 660 A). The CV scan rate used was 0.1 V/s. The electrolysis on Spiro-OMeTAD was performed in DCM solution with 0.1 M [TBA](PF 6 ) as supporting electrolyte, an Ag/AgCl electrode as reference, two Pt rods as electrodes. The UV/visible absorption spectra were recorded in acetonitrile solution on a PerkinElmer Lambda 750 spectrophotometer using a 1 cm thick cuvette. The single-crystal diffraction was detected using a Bruker D8 VENTURE diffractometer at room temperature operating with Mo Kα radiation. All structures were refined using SHELX. 10 Scheme S1. Synthetic route for Spiro(TFSI) 2 . The calculated charge is quite similar to the one obtained (4.69 C) from the electrolysis experiment, indicating that four electrons are lost at an applied voltage 1.1 V vs. Ag/AgCl. This applied voltage is higher than the third peak but lower than the fourth oxidation peak. The electrolysis experiment consequently confirms our assignment that the third peak refers to a process Spiro 2+ to Spiro 4+ , which is a two electron process. 
